Purpose The purpose of this study was to assess the value of SPECT/CT imaging in patients with chronic spinal pain. Methods This was a retrospective consecutive study. Patients with chronic neck or back pain from outpatient spinal clinics with clinical features raising the possibility of a facetogenic pain generator and non-conclusive MRI/CT findings were included. Imaging was performed on a dual-headed, hybrid SPECT/CT γ-camera with a low-dose CT transmission scan acquired after the SPECT study. SPECT/CT studies were viewed in the coronal, axial, and sagittal planes and in 3-dimensional mode. Descriptive statistical analysis was performed.
Introduction
Degenerative facet joints are a recognised cause of persistent chronic spinal pain [1] . Facet joint arthropathy has been identified as a source of pain in 15-45 % of patients with chronic low back pain lasting over six weeks that have failed conservative management and in 39 % of patients with chronic cervical pain [2, 3] . Spinal facets can cause localised spinal pain as well as referred dermatomal pain to the head, chest wall, upper and lower extremities [4, 5] .
Magnetic resonance imaging (MRI) has been the gold standard for spinal imaging. However, diagnosis of facet joint arthropathy continues to pose a challenge to clinicians. Conventional radiological techniques such as MRI, plain computed tomography (CT), dynamic bending films and planar radionuclide bone scanning are inconsistently reliable when diagnosing or accurately localising facetogenic pain generators [6] . Controlled comparative local anaesthetic blocks have become an acceptable alternative for confirming the diagnosis in patients clinically suspected of having characteristic facet joint arthropathy [7, 8] .
Radionuclide bone scintigraphy with single photon emission computed tomography (SPECT) provides functional imaging and is used to detect microcalcification due to increased osteoblastic activity. In the absence of other pathology the foci of increased osteoblastic activity reflect areas of mechanical stress and degenerative change in the skeleton [9] [10] [11] . SPECT has been widely used to evaluate patients with spinal pain and facet joint arthropathy [12, 13] . For the detection of clinically significant facetal arthropathy, SPECT has been reported to have a sensitivity of 85-100 % and specificity of up to 71 % [12, 14] . However, with just SPECT imaging in isolation there can be difficulty in precise localisation of the spinal segment affected due to anatomical variants and the low spatial resolution of the scan (approximately 7 mm) [12, 14] . Development of multimodality SPECT/CT has allowed the high sensitivity of SPECT to be combined with the specificity of CT. The CT component improves the SPECT image quality by correcting for soft tissue attenuation, thus improving sensitivity of the scan for areas of abnormal tracer activity. The CT has a higher spatial resolution of 1 mm and fusion of the scan images allows better localisation of areas of abnormal tracer activity and defines anatomical variants that may affect segmental nomenclature. The anatomy on the CT component also improves scan specificity by defining the structural pathology causing increased tracer activity. SPECT/CT is gaining popularity and has already been shown to improve SPECT single photon emission computed tomography diagnostic accuracy in the staging of skeletal metastases [15] [16] [17] , patellofemoral disorders [18] and anterior cruciate ligament reconstructions [19] . The role for SPECT/CT in relation to the gold standard of magnetic resonance imaging when evaluating patients with benign skeletal disease remains unclear. McDonald et al. have described the use of SPECT/CT to identify facetal pain generators in a series of patients undergoing evaluation for posterior dynamic stabilisation [20] . Currently, there is still only limited data on the usefulness of SPECT/CT in clinical practice [9, 10, 21, 22] .
The aim of this retrospective study is to assess the value of SPECT/CT imaging in patients with chronic spinal pain from a spinal outpatient clinic population and its utility as a diagnostic tool in determining further clinical management.
Materials and methods

Patients population
A retrospective study was conducted of consecutive patients who underwent SPECT/CT scanning for chronic neck or back pain in the Nuclear Medicine Department at the Royal Free Hospital NHS Trust, London, from October 2009 until February 2011.
Inclusion criteria were (1) chronic (>six weeks) back or neck pain, (2) localised or referred pain clinically suggestive of facet joint arthropathy, (3) MRI findings insufficient to determine further clinical management, (4) patients who have failed conservative management in the primary care setting, namely, analgesia and rest. Patients who had cauda equina syndrome, acute onset of spinal pain, malignancy or pregnancy were all excluded.
Data was retrieved from the medical records and imaging archive. Demographic characteristics including patient's age and gender were collected. The indication for the scan by the referring clinician, imaging reports and clinical management following the SPECT/CT results were reviewed.
SPECT acquisition and imaging protocol
Imaging was performed on a dual-headed, hybrid SPECT/CT γ-camera (Siemens Symbia T16 True Point) with a low energy high resolution (LEHR) collimator. SPECT images were acquired in a 60-step (20 s/stop), 360°non-circular orbit and reconstructed in a 128×128 matrix using a three -dimensional orderedsubsets expectation maximization (OSEM) algorithm. Data was reconstructed by Iterative Reconstruction using Flash 3D with four subsets and eight iterations, utilising a Gaussian filter.
A low-dose CT transmission scan was acquired after the SPECT study. The CT parameters used were 130 kVp and 65-100 mAs (65mAs for lumbar spine and 100mAs for cervical spine). Reconstruction was performed in a 512× 512 matrix at slice thickness of 5 mm. The CT was coregistered with the SPECT using the nuclear medicine workstation (Siemens eSoft). CT attenuation correction was applied to SPECT images. SPECT/CT studies were viewed in the coronal, axial, and sagittal planes and in 3-dimensional mode.
Statistical analysis SPSS 16.0 software (SPSS Inc, IL, USA) was used for descriptive statistical analysis. Results are presented as frequencies, percentages and descriptive statistics. 
Results
Seventy-two patients met the inclusion criteria and were included in the analysis. There were 37 females and 35 males with a mean age of 53.9 years (SD 17.3, range 22-84). Two patients had cervical and lumbar spine scans. Therefore, a total of 74 scans were included in the study: 25 cervical and 49 lumbar spine.
Cervical spine group
Twenty-five scans were included, 13 (52 %) patients were found to have evidence of facet joint arthropathy as likely pain generator (Fig. 1) , nine (36 %) had other changes compatible with degenerative disc disease, one had an osteoid osteoma and one had a normal study as shown in Table 1 . Referring specialists had clinically identified localised tenderness in eight/25 (32 %) patients, however this correlated with SPECT/CT findings in only one/eight (12.5 %) patient. Almost two thirds of patients (8/13) diagnosed with facet joint arthropathy received steroid injections while the rest had physiotherapy or conservative management as shown in Table 2 .
Lumbar spine group
Forty-nine patients were included. Of these, 34 (69.4 %) were found to have evidence of facet joint arthropathy as the likely pain generator (Fig. 2) . Six patients had other evidence of degenerative disease, two patients had discitis and seven (14.3 %) patients had a normal lumbar spine study as shown in Table 1 . Referring specialists (neurosurgeon, two orthopaedic surgeons) had clinically suspected facet arthropathy in 21/49 (42.9 %) patients, which correlated with SPECT/CT findings in eight/21 (38 %) patients. Twenty patients 20/34 (58.8 %) diagnosed with facet joint arthropathy received steroid injections while the rest had physiotherapy or conservative management as shown in Table 2 .
Discussion
Facet joint injection is an invasive procedure that carries a risk of complications, particularly in the cervical spine [6, 7, 23] . The literature evaluating the utility of this intervention has produced conflicting evidence and the National Institute and Clinical Excellence (NICE), the UK's healthcare watchdog, has not supported its widespread use in patients with chronic back pain [24] . One of the reasons for the difficulties in producing a consistent response arises due to inappropriate selection of targets for therapeutic injection. Gorbach et al. [23] found the extent of facet joint arthropathy defined anatomically on MRI and CT was not a significant predictor for outcome in a cohort of 42 patients undergoing facet joint blocks (p=0.57-0.95). Carrino et al. [25] used weighted Kappa statistics for measuring interobserver agreement between four specialist readers of MR lumbar spine for facet arthropathy in 111 scans and found inter-observer variability of 0.54 (CI 95 %, 0.50-0.57). Inconsistent interobserver variability suggests that the test does not provide an easily interpretable assessment and both MRI and CT reports can be inconclusive regarding the presence or absence of facetal arthropathy. Even when it is reported on scans the facetal degeneration is often widespread, without an obvious target for injection defined on the basis of the anatomy. The fusion of anatomic and molecular images obtained with integrated SPECT/CT systems allows more accurate attenuation correction and precise anatomic localisation of lesions with increased tracer uptake. SPECT/CT increases reporter confidence in the correct localisation of uptake compared to simple planar or SPECT studies [11, 22, 26] . SPECT/CT also enables the detection of tracer avid lesions that are not appreciated by simple planar scintigraphy or SPECT performed without co-registered CT [15, 27, 28] . When performed supplementary to conventional imaging techniques, the SPECT/CT images have an incremental diagnostic value that can influence clinical management by selecting only SPECT positive facet joint targets [9, 20, 29] .
Chronic spinal pain with mechanical features and no conclusive diagnosis after conventional imaging is a common clinical problem in the orthopaedic and spinal outpatient clinic. The group of patients in this study were heterogeneous, with the final clinical diagnosis including facet joint arthropathy, other degenerative spinal disease, discitis and osteoid osteoma. Whilst the mixed sample population could be seen as a limitation of the study, we believe it adds credence to the use of SPECT/CT as this patient group is typical of that commonly encountered in routine clinical practice. Once the diagnostic information provided by the SPECT/CTs was available to the treating clinicians, patients proceeded to have either steroids injections, conservative or surgical interventions. The effectiveness of these interventions were not evaluated in this study since the main aim was to assess the diagnostic value of SPECT/CTs.
There is a paucity of literature investigating the use of hybrid SPECT/CT imaging in benign orthopaedic and spinal conditions. Our data corroborate that of McDonald et al. [20] , which looked at the use of SPECT/CT to identify facet joint arthropathy in patients who were being considered for posterior stabilisation. In his case series, SPECT/CT provided localisation of lesions in all 36 patients. Similarly, EvenSapir et al. [30] , who assessed the role of SPECT/CT in 76 consecutive non-oncologic patients, found that SPECT/CT was of incremental clinical value in 89 % of patients. To our knowledge, there are no studies evaluating the use of SPECT/CT for the diagnosis of cervical facet joint arthropathy with which to compare to our findings.
Summary
In the majority of patients studied, the SPECT/CT scan guided the referring clinicians in determining further clinical management, mainly by providing precise localisation of SPECT positive fact joint arthropathy.
